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Abstract— Using an in-depth instrumental case study research design, this study has examined the current 
environmental related measures and strategies that have been defined and implemented to decarbonize air cargo 
operations by the world’s air cargo carrying airlines. The study covered the period 2004 to 2021. The case study 
found that the world’s air cargo carrying airlines are very cognizant of their environmental impact and, as a 
result, these airlines have defined and implemented an extensive range of measures and strategies to 
decarbonize their operations. These measures include the acquisition and deployment of fuel-efficient next 
generation aircraft, aircraft related carbon dioxide (CO2) emissions offset programs, the use of fixed electrical 
ground power (FEGP) and pre-conditioned air at airports, the use of lightweight aircraft unit load devices 
(ULDs), use of sustainable aviation fuels, the use of renewable energy sources for ground based buildings and 
facilities, the electrification of air cargo carrying airlines ground service equipment (GSE), the optimization of 
air traffic management procedures, and the washing of aircraft engines. A key strategy adopted by the world’s 
air cargo carrying airlines has been the use of sustainable aviation fuels (SAF), as this fuel source provides a 
very significant opportunity for the decarbonization of aircraft operations. Several key air cargo industry actors 
are planning in the future to use electric powered aircraft. Hydrogen as an aircraft energy source is also being 
considered. To mitigate the environmental impact of wastes, air cargo carrying airlines could consider adopting 
the circular economy waste management approach. 


Keywords— Air cargo carrying airlines, Air cargo carrying airlines decarbonization measures, Case study, 
Decarbonization, Sustainable aviation fuels. 


I. INTRODUCTION 


grown in importance in recent years, and in response 


Due to the adverse impact on the environment, the biggest 
issue confronting the global air transport industry today is 
sustainability (Turner, 2021g). Indeed, sustainability has 
assumed strategic importance in the air transport industry 
(Graham, 2021b). Consequently, all around the world, the 
environmental sustainability of air transport has been 
receiving greater focus in recent times due to its critical 
impact on climate change and on the environment (Budd, 
2017; Chen, 2012; Teoh & Khoo, 2016). Environmental 
issues associated with the global air transport industry have 
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airlines have been proactive by demonstrating their “green” 
credentials (Mayer et al., 2012; Migdadi, 2018). In recent 
decades, greening (ensuring the sustainable development of 
the global air transport system) has been viewed as a highly 
significant part of the agenda by almost all the industry’s 
involved stakeholders (Janić, 2011). These stakeholders 
include aviation organizations for international 
cooperation; international aviation organizations, air 
transport system operators, for example, airports, air traffic 
control (ATC) and airlines; aerospace manufacturers, non- 
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governmental organizations; users, for example, passengers 
and air cargo shippers; and research, scientific and 
consultancy organizations (Janić, 2016). The aim of a 
“green airline” is to provide the green society with a 
transport system that reduces its carbon footprint, uses 
renewable energy, and produces less carbon dioxide (CO2) 
emissions as well as other harmful pollutants (Abdullah et 
al., 2016). The concept of “greening” aviation firms, such 
as, airlines, can be best linked to their reduction of the level 
of emissions into the atmosphere, to the point where these 
airlines achieve near carbon neutrality (Sarkar, 2012). 


The air transportation of goods/freight for commercial 
purposes plays a very significant role in the world 
economy (Aleman, 2010; Dewulf et al., 2019; Heng, 
2016). Air cargo is defined as “anything carried in an 
aircraft except for mail or luggage carried under a 
passenger ticket and baggage check but including baggage 
shipped under an airway bill or shipment record” (Hui et 
al., 2004). Passenger baggage is associated with the 
carriage of passengers and is included as part of the 
individual passenger’s air fare. Passenger baggage is 
therefore not a part of the air cargo service. (Dempsey & 
Gesell, 1997). Air cargo consignments are typically time 
sensitive and/or are high value-to-weight goods (Budd & 
Ison, 2017). The five key industry sectors that utilize the 
air cargo mode are equipment, consumer electronics, 
pharmaceuticals, healthcare, and retail products sectors. 
When combined they comprise around 90% of total world 
air cargo traffic. In addition, the air cargo mode is used by 
firms from varying market sectors and geographic region’s 
locations to connect them to new customers and suppliers 
that may not be otherwise accessible by other transport 
modes (Turner, 2021f). 


In the world air cargo industry, air cargo capacity is 
provided by three distinct types of airline operators. 
Combination passenger airlines are airlines that carry 
passengers on the main deck and transport air cargo in their 
passenger aircraft lower lobe  belly-holds. Some 
combination airlines, for example, Cathay Pacific Airways, 
Qatar Airways, and Singapore Airlines, also operate 
freighter aircraft. Shippers may also decide to use 
dedicated all-cargo airlines, for example, Cargolux 
International Airlines or Nippon Cargo Airlines (NCA). 
The final type of air cargo carrying airline operator is the 
integrated carriers, for example, DHL Express, FedEx and 
United Parcel Service (UPS) (Baxter & Wild, 2021; 
Dresner & Zou, 2017; Merkert & Alexander, 2019). The 
integrated carriers operate very large fleets of freighter 
aircraft. A freighter aircraft is an aircraft that has been 
expressly designed or which has been converted to 
transport air cargo, express, and so forth, rather than 
passengers (Wensveen, 2016). All-cargo services are 
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operated with freighter aircraft where all the available 
capacity is dedicated to air cargo transportation (Dresner & 
Zou, 2017; Tretheway & Andriulaitis, 2016). Dedicated 
all-cargo services are vital to the aviation industry, and to 
the global economy (Davies, 2013). Around 56 per cent of 
global air cargo revenue ton kilometres (RTKs) is carried 
in dedicated freighter aircraft (Boeing Commercial 
Airplanes, 2020). In providing air cargo services, airlines 
have various environmental impacts (Sales, 2013, 2016, 
2017). These environmental impacts include the production 
of greenhouse gas (GHG) emissions both in-flight and 
from ground operations, the production of large volumes of 
waste, and the consumption of significant amounts of 
resources, such as, jet fuel, energy for ground-based 
facilities and ground handling equipment, and water. 


Both climate change and carbon footprints are now 
frequently being regarded as two of the most urgent 
concerns confronting society and are now viewed as key 
issues of corporate responsibility (Hrasky, 2012). 
According to Wiedemann and Minx (2007, p. 5), “the 
carbon footprint is a measure of the exclusive total amount 
of carbon dioxide emissions that is directly and indirectly 
caused by an activity or is accumulated over the life stages 
of a product”. Carbon footprints are now being extensively 
used as a measure of an organization's contribution to 
climate change (De Grosbois & Fennell, 2011). The 
measurement of its carbon footprint enables firms to 
estimate their own contributions to the changing climate 
(Gautam et al., 2012). Carbon foot printing is now one of 
the principal methods available to firms for quantifying 
their anthropogenic environmental impacts and for 
assisting them to tackle the threat of climate change 
(Williams et al., 2012). 


The objective of this study is to examine the current 
environmental related measures and strategies that have 
been defined and implemented to decarbonize air cargo 
operations by the world’s air cargo carrying airlines. The 
first objective is to identify the various environmental 
impacts that air cargo carrying airlines will have on the 
natural environment. The second objective is to identify 
and examine the various environmental related measures 
and strategies that have been implemented by air cargo 
carrying airlines, irrespective of their chosen business 
model, to decarbonize their air cargo operations. A further 
objective is to examine the benefits for air cargo carrying 
airlines of implementing sustainable waste management 
practices. This is because the disposal of wastes can also be 
a source of carbon dioxide (CO2) emissions, especially if 
the wastes are disposed to landfill. The levels of emissions 
from waste are dependent upon how the waste is treated 
(Eurostat, 2020). The study covered the period 2004 to 
2021. ‘Decarbonization’ often refers to the process of 
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reducing ‘carbon intensity’. This is achieved by a firm 
lowering the amount of greenhouse (GHG) gas emissions 
that is produced from the burning of fossil fuels (TWI Ltd, 
2021). 


The remainder of the paper is organized as follows: The 
literature review is presented in Section 2. Section 3 
describes the study’s research methodology that 
underpinned the study. The case study is presented in 
Section 4. Section 5 outlines the study’s conclusions. 


Il. BACKGROUND 
2.1 A Brief Overview of the Global Air Cargo Industry 


Historically, the world air cargo industry has been a high 
growth industry (Albers, 2015). This trend can be observed 
in Figure 1 which shows the growth in total annual world 
domestic/international enplaned air cargo tonnage and 
freight tonne kilometres performed (FTKs) from 2000 to 
2019. Over this period, the total annual enplaned tonnage 
and FTKs grew from 30 million tonnes and 118.0 billion 
FTKs in 2000 to 57.6 million tons and 225 billion FTKs in 
2019, respectively. Freight tonne kilometres performed 
(FTKs) are calculated from the multiplication of freight 
tonnes carried by the distance of the flight. Most domestic 
cargo is transported in the USA and is principally carried 
by the integrated carriers, such as FedEx and United Parcel 
Service (UPS) (Doganis, 2019). The air cargo industry is 
cyclical in nature (Doganis, 2019; Morrell & Klein, 2018) 
and is sensitive to changes in any cyclical economic 
movements (Macário & Van de Voorde, 2011). Figure 1 
shows that total world air cargo traffic (domestic and 
international enplaned tonnage and FTKs) showed marked 
declines in 2001 and 2008 following the tragic events of 
September 11 and the 2008-2009 global financial crisis 
(GFC). 
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Fig.l: World air cargo industry total annual enplaned 
tonnage and freight tonne kilometres (FTKs) performed: 
2000-2019. Source: International Civil Aviation 
Organization (2012, 2013, 2020). 
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Air cargo service providers are a heterogeneous group of 
actors. Together they deliver various logistics and supply 
chain services as well as their expertise. The air cargo 
industry is comprised of various commercial firms that 
provide shippers and/or consignees with their desired air 
cargo services. An airline provides transportation for air 
cargo consignments from the airport of origin to the 
destination airport. Combination airlines include airlines 
that provide both passenger and air cargo services. Most 
international carriers fall into this category. Combination 
airlines generally provide customers with airport-to-airport 
services and these airlines rely on air freight forwarders to 
perform the remaining transport logistics and supply chain 
services. Dedicated all-cargo airlines operate scheduled 
freighter flights on routes where there is regular heavy air 
cargo demand or where the potential passenger traffic is 
not large. The all-cargo airlines normally carry air cargo 
only on an airport-to-airport basis. The all-cargo airlines 
also provide charter services. The integrators are firms that 
integrate the air and ground transport services traditionally 
performed by separate firms and they provide a full door- 
to-door service. The integrators also provide supply chain 
and logistics solutions, which are underpinned by highly 
advanced IT systems (Baxter & Wild, 2021). International 
air freight forwarders are another very important actor in 
the global air cargo supply chain and these firms’ contract 
with airlines for the physical carriage of goods. Freight 
forwarders often purchase block cargo space on airlines 
flights. Freight forwarders often work closely with 
complementary surface transportation service providers (Al 
Hajri, 1999). 


2.2 The Environmental Impact of Air Transport 
Operations 


2.2.1 Aircraft emissions 


The growth of commercial air transport has driven 
concerns over air quality (Gössling & Upham, 2009) as air 
traffic growth has increased the air transport industry’s 
annual carbon dioxide (CO2) emissions (Fatihah & Abdul 
Rahim, 2017). The global aviation industry carbon dioxide 
(CO2) emissions global warming 
(Chiambaretto et al., 2021). Thus, an environmental threat 
has emerged, that of aircraft emissions (Marais et al., 2016; 
Masiol & Harrison, 2014; Wey & Lee, 2017). By 
consuming fuel, aircraft produce emissions of carbon 
(CO2), nitrogen oxides (NOx), particles 
(principally soot) of sulphur oxides, carbon monoxide 
(CO), as well as various hydrocarbons. First, and 
generating the largest percentage share, are the emissions 


contribute to 


dioxide 


of carbon dioxide (CO2), which are produced in direct 
proportion to the volume of jet fuel used to operate flights 
over any distance (Sales, 2017). 
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Aircraft operating at subsonic speeds in flight cause the 
following main effects to the environment: 


e Carbon dioxide (CO2): carbon dioxide (CO2) 
emissions are the most common (Sales, 2016). 
Carbon dioxide (CO2) 
acknowledged as a major contributor to climate 
change (Abd et al., 2021; Yadhav & Wang, 2017; 
Zhang et al., 2020). 


emissions are 


e Oxides of nitrogen (NO,): at high altitudes NOx 
emissions help to form ozone in the upper 
troposphere. They also reduce methane, which 
results in a cooling effect. 


e Water vapor (H20): Water vapor is created 
through the burning of jet fuel. At altitude, 
condensation trails form, consisting of frozen ice 
crystals that deflect a small amount of sunlight 
away from the Earth’s surface and reflect more 
radiation back towards the Earth. This results in 
an overall warming effect on the Earth’s 
atmosphere (Sales, 2016, p.146). 


Pollutants are also produced during aircraft taxiing, at take- 
off, at landing, and often during the period when aircraft 
are sitting idle. Surface vehicles associated with the 
transportation of crews and their baggage are another 
source of pollutants (Prosperi, 2009). 


2.2.2 Aircraft fuel efficiency 


Increasing environmental concerns have drawn significant 
attention of the air transport industry towards the 
requirement for judicious use of aviation fuel. 
Consequently, both economic and environmental 
sustainability concerns have led to dramatic progress in 
aviation fuel efficiency improvements in the past decades 


(Singh et al., 2018). 


In recent times, both airlines and the aircraft manufacturers 
have invested in new technologies and strategies to reduce 
aircraft fuel consumption and the concomitant emissions. 
Aircraft fuel has a close relationship with the emissions of 
carbon dioxide (CO2) and other gases that result in climate 
change (Zou et al., 2016). 


2.3 Carbon offsetting and reduction scheme for 
international aviation (CORSIA) 


The 2015 Paris Climate Conference or COP 21 agreement 
provided a stimulus for the air transport industry to develop 
a global market-based measure (MBM) to reduce carbon 
dioxide (CO2) emissions (Singapore Airlines, 2017). 
Effective in 2021, an increased share of the carbon 
emission growth in the international air transport industry 
will be subject to offsetting under the International Civil 
Aviation Organization (ICAO) “Carbon Offsetting and 
Reduction Scheme for International Aviation” (CORSIA) 
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program (Kováčik et al., 2021; Maertens et al., 2019). 
Effective from 1 January 2021, all international flights will 
become subject to offsetting obligations under the 
CORSIA program (International Air Transport 
Association, 2021b). The objective of the Carbon 
Offsetting and Reduction Scheme for International 
Aviation, or CORSIA program, is the stabilization of 
carbon dioxide (CO2) emissions at 2020 levels. 
Consequently, this will require airlines to offset the growth 
of their emissions from 2020 onwards. Airlines will also be 
required to monitor emissions on all their international 
services as well as offsetting emissions from air routes 
included in the scheme through the purchase of eligible 
emission units that are generated by projects that reduce 
emissions in other sectors (for example renewable energy) 
(European Commission, 2021). 


The CORSIA program will be implemented in three 
discrete phases with the pilot phase operating from 2021- 
2023. The first phase will be from 2024 to 2026. Both the 
pilot and first phases are voluntary. The second phase of 
the program is targeted at the 2027 to 2035 time-period 
(Javed et al., 2019). Following the completion of the pilot 
and first phases, a second mandatory scheme will enter in 
effect for all ICAO member states, except for some least 
developed countries (Scott & Trimarchi, 2020). The global 
COVID-19 pandemic resulted in a very significant decline 
in the worldwide aviation industry traffic and, as a result, 
the International Civil Aviation Organization (ICAO) 
adjusted its CORSIA program by removing 2020 emissions 
from the baseline, which are now based on 2019 emission 
levels (Zhang et al., 2021). The voluntary pilot period for 
ICAO’s CORSIA program became effective as of 2021 and 
will become mandatory for all airlines from 2027 onwards 
(Singapore Airlines, 2021). 


2.4 The Reduction in Aircraft Weights as an 
Environmental Mitigation Measure 


In recent times, airlines from around the world have 
implemented a range of measures that have been designed 
to lower the weight of their aircraft, and thus, reduce fuel 
burn and the associated harmful emissions. The weight 
saving initiatives include the correct stowage of items to 
avoid unnecessarily ordering catering supplies and other 
in-flight service equipment, the removal of rubbish, and the 
reduction in on-board company materials. In addition, 
airlines have implemented potable water strategies 
whereby they carefully optimize the water uplift on flights 
to satisfy passenger requirements whilst at the same time 
achieving fuel and emissions savings from the lower the 
aircraft weight (Baxter, 2016). 
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2.5 The Use of Sustainable Aviation Fuels as an 
Environmental Related Measure 


Alternative fuels can help industry stakeholders to provide 
sustainable air transport since these fuels reduce the air 
transport industry climate-relevant emissions (Scheelhaase 
et al., 2019). Considering this one of the most important 
trends in the global airline industry in recent times has been 
the uptake in the use of sustainable aviation biofuel. 
Airlines now regard the use of aviation biofuel as being a 
key environmental sustainability measure (Baxter et al., 
2020; Bittner et al., 2015; Cortez et al., 2015). As a result, 
alternative jet fuel (AJF) technologies have gained 
considerable interest and are now regarded as a way for the 
industry to achieve large, near-term emissions reductions 
(Staples et al., 2014). Currently, sustainable aviation fuel 
(SAF) is a drop-in solution. This means that current aircraft 
can use a 50 percent blend of sustainable aviation fuel 
(SAF) and common Jet A fuel without any modifications 
(Reichmann, 2021a). 


Air cargo is in a strong position to lead the air transport 
industry in the adoption of green initiatives, with 
sustainable aviation fuel (SAF) proving to be the best way 
for the industry to reduce its carbon dioxide (CO2) 
emissions (Brett, 2021a). Sustainable jet fuels now 
underpin the airline industry’s strategy to reduce their 
carbon emissions (Gegg et al., 2014; Schafer, 2016). 
According to Tavares Kennedy (2019), “depending upon 
the raw material used in its production, biofuels can reduce 
carbon dioxide (CO2) emissions by 60-80%”. The 
International Air Transport Association (2021a) have 
observed that sustainable aviation fuel can reduce 
emissions by up to 80% over its full lifecycle (International 
Air Transport Association, 2021a). 


Aviation biofuels are therefore becoming an important 
substitute for fossil fuel in the airline industry. The use of 
aviation biofuels help with an airline’s sustainability goals 
as they are environmentally friendly (Su et al., 2015). 
Furthermore, the replacement of fossil fuels by sustainable 
aviation biofuels is one of the principal strategies adopted 
in the global airlines to decrease their carbon dioxide (CO2) 
emissions by 50% by 2050 (Bauen & Nattrass, 2018; Dodd 
et al., 2018). Hence, the airline industry now views the use 
of sustainable biofuels as being the key long-term 
technology for decarbonizing aviation (Fregnani & 
Andrade, 2017). Furthermore, airlines are counting on 
sustainable aviation fuels (SAF) to reduce their carbon 
dioxide (CO2) emissions in the years prior to electric and 
hydrogen-based propulsion systems become widely 
available, which will most likely occur after 2035 (Air 
Cargo World, 2021). 
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II. RESEARCH METHODOLOGY 
3.1. Research Approach 


The research undertaken in the present study used an 
instrumental case study research approach (Beasley & 
Bernadowski, 2019; Honeycutt & Miller, 2021; Sadang et 
al., 2021). An instrumental case study is the study of a case 
so that it provides insights into a specific issue, redraws 
generalizations, or builds theory (Stake, 1995, 2005). An 
instrumental case study is designed around established 
theory of the phenomenon under study (Grandy, 2010). 
The present study was designed around the established 
theory of airline carbon footprints (Tuladhar et al., 2021), 
carbon footprints (Franchetti & Apul, 2013; Hunter, 2014; 
Ramachandra & Mahapatra, 2016), sustainable aviation 
(Budd et al., 2013; Palmer, 2020; Ydersbond et al., 2020), 
sustainable aviation biofuels (Cortez, 2014; Gegg et al., 
2014; Schäfer, 2016), and the environmental impact of air 
cargo operations (Sales, 2013, 2016, 2017). 


3.2. Data Collection 


The documents collected and examined in the study 
included news items in the leading air cargo industry 
related journals and magazines, airline annual 
sustainability reports, press releases, and airline’s websites. 
A comprehensive search of the air transport and air cargo 
industry related magazines was also conducted. The 
SCOPUS and Google Scholar databases were also 


examined in the study. 


The study followed the three principles of data collection 
as recommended by Yin (2018), that is, the use of multiple 
sources of case evidence, creation of a database on the 
subject, and the establishment of a chain of evidence. 


3.3 Data Analysis 


The data collected for the case study was examined using 
document analysis. Document analysis focuses on the 
information and data that is obtained from the formal 
documents and company records gathered by the 
researcher(s) (Oates, 2006; Ramon Gil-Garcia, 2012; Yin, 
2018). In this study, the documents were examined for 
their authenticity, credibility, representativeness, and 
meaning (Scott, 2014; Scott & Marshall, 2009). 


The key words used in the database searches included “air 
cargo carrying airlines decarbonization strategies and 
measures”, “air cargo carrying airlines acquisition and 
deployment of fuel-efficient next generation aircraft”, “air 
cargo carrying airlines offsetting of aircraft related carbon 
dioxide (CO2) emissions”, “air cargo carrying airlines use 
of electric powered aircraft”, “ air cargo carrying airlines 
use of fixed electrical ground power at airports”, “air cargo 
carrying airlines potential use of hydrogen as an aircraft 


» c 


energy source”, “air carrying airlines use of lightweight 


269 


Glenn Baxter 


aircraft unit load devices”, “air cargo carrying airlines use 
of sustainable aviation fuels as an industry decarbonization 
related measure”, “air cargo carrying airlines use of 
renewable energy sources for ground based buildings and 
facilities”, “air cargo carrying airlines use of sustainable 
waste management principles”, “electrification of air cargo 
carrying airlines ground service equipment (GSE)”, the 
“Sustainable Air Freight Alliance”, “the optimization of air 
traffic management procedures”, and the “washing of 
aircraft engines by air cargo carrying airlines”. 

The study’s document analysis was conducted in six 
distinct stages. The first stage involved planning the types 
and required documentation and ascertaining their 
availability for the study. In the second phase, the data 
collection involved sourcing the documents that were 
necessary to conduct the study. This stage of the document 
analysis process also involved the development and 
implementation of a scheme for managing the documents 
collected for the study. The documents were carefully 
examined to assess their authenticity, credibility and to 
identify any potential bias in the third stage of the 
document analysis process. In the fourth stage, the content 
of the collected documents was carefully examined, and 
the key themes and issues were identified and recorded. 
The fifth stage involved the deliberation and refinement to 
identify any difficulties associated with the documents, 
reviewing sources, as well as exploring the documents 
content. In the sixth and concluding stage, the analysis of 
the data was finalized (O’ Leary, 2004). 


Following the guidance of Yin (2018), the study’s 
documents were stored in a case study database. All the 
documents collected for the study were in English. Each 
document was carefully read, and key themes were coded 
and recorded in the case study (Baxter, 2020). 


IV. RESULTS 


4.1 The Acquisition and Deployment of Fuel-Efficient 
Next Generation Aircraft 


A key strategy adopted by the combination airlines, all- 
cargo airlines, and the integrated carriers in recent times 
has been the renewal of their aircraft fleets with more fuel 
efficient, and thus, lower-emissions aircraft. Over the past 
decade, next generation twin engine, long-haul aircraft 
have entered commercial service (Aircraft Commerce, 
2016). The Airbus A350 XWB family was initially 
intended to have three variants: the Airbus A350-800, 
Airbus A350-900, and the Airbus A350-1000. The Boeing 
787 Dreamliner family includes the 787-8, 787-9, and the 
787-10. The Airbus A350-900XWB entered commercial 
service with Qatar Airways in 2014 (Aircraft Commerce, 
2015). The first Airbus A350-1000 was delivered to Qatar 
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Airways in February 2018 (Airbus, 2018). The Boeing 
787-8 entered commercial service in 2011, whilst the 787-9 
began commercial services in 2014 with Japan-based All 
Nippon Airways (Aircraft Commerce, 2015). Singapore 
Airlines took delivery of the first Boeing 787-10 on March 
14th, 2018 (Boon, 2020). The Airbus A350 and Boeing 
787 aircraft families are more fuel efficient (Salvatore, 
2020). Airlines changing aircraft from the Boeing 767 and 
Airbus A340 to the newer Airbus A350, and Boeing 787 
can reduce their aircraft emissions by 15-20% when flying 
on the same route (Szymczak, 2021). Thus, airlines 
operating Airbus A350 and Boeing 787 aircraft can reduce 
their carbon footprint. Furthermore, airlines have recently 
introduced new single-aisle aircraft (for example, the 
Airbus A220-100 and -300) and several derivative aircraft 
which have major propulsion and airframe technology 
upgrades (for example, the Airbus A320neo and A330neo, 
and the Boeing B737 MAX family). These new aircraft 
models have commenced commercial airline service in 
recent times and these aircraft provide substantial 
reductions in aircraft fuel burn (International Coordinating 
Council of Aerospace Industries Associations, 2019), and 
the concomitant aircraft emissions. 


The 747-8 Intercontinental (the passenger variant of the 
Boeing 747-8 aircraft) improves fuel efficiency by 16% as 
compared to its predecessor the Boeing 747-400, Since 
introduction into commercial service in 2011, the Boeing 
747-8's fuel efficiency has been further improved by an 
additional 3.5%. (Air Transport Action Group, 2021a) 


As noted earlier, around half of world cargo traffic is 
carried in the lower lobe belly hold compartments of 
passenger aircraft with the remainder transported on 
dedicated freighter aircraft (Morrell, 2016). Since the late 
2000s, the aircraft manufacturers, Airbus and Boeing 
Commercial Airplanes, have enhanced their freighter 
aircraft range and the improvement in new technologies 
has resulted in greater fuel efficiency, and thus, lower 
aircraft emissions. Small standard size and medium size 
freighter aircraft are operated by airlines because of their 
capability to operate high-frequency services. In recent 
times passenger to freighter (P2F) have assumed a key role 
in the global air cargo industry. The Airbus A321P2F, 
Boeing B737P2F, Boeing B737-400P2F, and Boeing 737- 
800P2F passenger aircraft have largely replaced the older 
Boeing B727 and McDonnell Douglas DC9F aircraft, with 
several companies offering Airbus A321 and Boeing B737 
passenger-to-freighter (P2F) aircraft conversion services. 
Medium-capacity wide-body freighter aircraft such as the 
Airbus A330-200F and Boeing B767-300F, are operated 
extensively by the integrated carriers and by some non- 
integrated carriers. 
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The Airbus A330-200F was launched in January 2007, 
with commitments from Indian cargo start-up Flyington 
Freighters and lessor companies Intrepid Aviation Group 
and Guggenheim Aviation Partners for 32 aircraft 
(Kingsley-Jones, 2010). The A330-200F is a derivative of 
the very popular Airbus A330 Family. The A330-200F 
aircraft benefits from full operational commonality unique 
to Airbus due to the Airbus Fly-By-Wire technology which 
also enables faster pilot transitioning to and from other 
Airbus aircraft, both passenger and freighter aircraft. The 
Airbus A330-200 freighter is a mid-size, long-haul 
dedicated all-cargo aircraft. When operating in payload 
mode the aircraft can carry a 70 metric tons structural 
payload over a range of 4074.4 kilometres (2,200nm). In 
range mode, the aircraft can carry a 65 metric tons payload 
(lerovante et al., 2015) over a range of 7,400km (4,000nm) 
(Kingsley-Jones, 2006). 


Derived from the popular Boeing 767-300ER (extended 
range) passenger twinjet, the Boeing B767-300F benefits 
from the advanced avionics, aerodynamics, materials, and 
propulsion incorporated on Boeing 767 passenger aircraft. 
The Boeing B767-300 freighter aircraft can carry a payload 
of 52.5 tonnes over a range of 3,255 nautical miles/ 6,028 
kilometres (Boeing Commercial Airplanes, 2021). 
Importantly, the Boeing B767-300 freighter aircraft is more 
fuel efficient than other aircraft offered in the medium 
sized freighter segment (Boeing 
Commercial Airplanes, 2014) 


aircraft market 


Aimed at the large freighter market and launched in May 
2005 on the back of the newly available Boeing 777- 
200LR airframe/engine combination, the Boeing 777- 
200LRF freighter aircraft offers a 103.9 tonne revenue 
payload capability (Norris 2006). The economics of the 
aircraft are extremely favourable with cargo density 
identical to the Boeing B747-400F (Conway, 2005), and 20 
per cent lower fuel burn than the Boeing B747-400F, and 
thus, this aircraft has lower emissions levels. The Boeing 
777 freighter aircraft can carry its full cargo load over a 
range of 9,000 kilometres (Ostrower, 2008). The Boeing 
B777-200LRF freighter entered service with Air France in 
2009 (Conway, 2011). 


The new-technology Boeing 747-8 Freighter was the latest 
version of the Boeing B747 freighter aircraft family. 
Boeing launched the 747-8 Family with orders for the 
freighter aircraft in November 2005 from Cargolux and 
Nippon Cargo Airlines (NCA), after considerable study of 
the market feasibility of a new 747 (Conway, 2012). By 
working together with customers and applying innovative 
new technologies from the 787 Dreamliner aircraft, Boeing 
was able to develop and offer the 747-8 freighter aircraft to 
airlines competing in the large aircraft size global air cargo 
market segment. The maximum payload of Boeing’s next 
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generation B747-8F is around 134 tonnes (Conway, 2005). 
The freighter aircraft has a range of 8,130km and has a 
16% higher cargo volume than the 747-400. The Boeing 
747-8 Freighter has a range of 4,475 nautical miles (8,275 
km) and provides operators with 16 per cent more cargo 
volume than the Boeing 747-400 freighter aircraft (Airport 
Technology, 2021). In addition, the Boeing 747-8 freighter 
offered a 16% reduction in fuel usage (Benito & Alonso, 
2018). 


4.2 The Offsetting of Aircraft Related Carbon Dioxide 
(CO2) Emissions 


As previously noted, carbon offset programs are a 
mechanism available to the world’s air cargo carrying 
airlines to mitigate their carbon footprint. Lufthansa Cargo 
is one such airline that offers such a program. At the time 
of the present study, Lufthansa Cargo offered two options 
for transporting shipments on a more sustainable basis. The 
first option is based on the use of sustainable aviation fuel 
(SAF), which is discussed below. The second option is a 
cargo offset program. Carbon dioxide (CO2) emissions are 
produced during the production and transport of 
sustainable aviation fuels (SAF), and these emissions can 
be offset through compensation with environmentally 
friendly climate protection projects. As a result, the 
complete carbon dioxide (COz) neutrality of an air cargo 
consignment can be achieved either by combining both 
options or alternatively by 100 percent compensation in 
climate protection projects (Brett, 2021d). 


4.2 The Electrification of Ground Service Equipment 
(GSE) 


An important side effect of transportation is air pollution 
from the burning of fossil fuels. Electric powered vehicles 
can play an important role in improving air quality of 
transportation services (Longo et al., 2017). It is important 
to note that the ground service equipment (GSE) used at 
airports by airlines and ground handling agents to facilitate 
the turnaround of their aircraft produce harmful emissions, 
and hence, impact air quality at the airport (Budd, 2017). A 
solution to this issue is the use of electric powered vehicles 
and ground service equipment (GSE) (Gellings, 2011). In 
recent times, electricity powered aircraft loaders have 
started to replace diesel powered loaders (Ramsay, 2020). 
Electricity powered aircraft push-back tugs are also 
available, and there has been a trend among some operators 
to choose battery-powered aircraft tractors (Airside 
International, 2020). Electricity powered baggage tractors 
are also being used at airports, for example, Amsterdam’s 
Schiphol Airport (Airside International, 2021). Air cargo 
carrying airlines also have the option to acquire and deploy 
electricity or battery powered air cargo tugs. Stuttgart 
Airport, for example, operates a fleet of electricity powered 
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air cargo tractors. These tractors offer environmental 
related benefits, which include energy savings, emission 
reductions and noise reductions (Randall, 2019). 


In March 2004, FedEx commenced using some hybrid 
electric trucks, which the company put into service in 
Sacramento, California. FedEx Express developed the 
truck in concert with Environmental Defense and Eaton 
Corporation, which produced the electric powertrain 
(Brown & Jackson, 2004). In 2010, FedEx added all- 
electric delivery vehicles in Paris and Los Angeles, 
building on its existing fleet of all-electric delivery vehicles 
in London. The integration of all-electric vehicles was a 
key part of the FedEx pledge to improve the fuel efficiency 
of its vehicle fleet by 20 percent through its Reduce, 
Replace and Revolutionize strategy (FedEx, 2010). In 
March 2021, FedEx announced that it would deploy 
deploying more zero-emission electric trucks for pick-ups 
and deliveries as part of its foal to achieve carbon 
neutrality by 2040 (Wolfsteller, 2021). 


In the first quarter of 2021, the Deutsche Post DHL Group 
announced that it will invest €7bn to reduce its production 
of carbon dioxide (CO2) emissions by 2030. As part of its 
roadmap to sustainability, the company will acquire and 
deploy 80,000 e-vehicles to be deployed for last-minute 
deliveries. This will result in a 60% electrification of the 
company’s vehicle fleet (Grasso Macola, 2021). 


4.3 The Optimization of Air Traffic Management 
Procedures 


A further potential measure to reduce the carbon footprint 
of air carrying airlines is the optimization of air traffic 
management procedures. Emirates, Singapore Airlines and 
Cargolux Airlines International are examples of airlines 
that have worked closely with air traffic service providers 
to optimize aircraft fuel burn, and thus, the lower the 
associated emissions. 


In 2018, Cargolux participated in the inaugural meeting to 
establish “continuous descent operations (CDO) at 
Luxembourg Airport Cargolux subsequently cooperated 
with the local air navigation service provider (ANSP) to 
develop CDOs arrivals into Luxembourg (Cargolux 
International Airlines, 2019). A continuous descent 
operation (CDO) is one in which the arriving aircraft 
descends from its cruise level to an airport with its engines 
at near-idle thrust (Itoh & Uejima, 2013). With the 
Cargolux CDO program a number of waypoints on the 
flight route were established that enable pilots to efficiently 
plan the descent of their aircraft. Both CDOs and CDAs 
(Continuous Operations and Approach) 
methodologies offer the potential for significant fuel 
savings as well as substantial reduction in carbon dioxide 
(CO2) emissions. For example, a CDO(F) arrival can 
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provide fuel savings of approximately 250 kg per flight for 
a Boeing B747 freighter aircraft, as the engines remain at a 
near-idle thrust during the process (Cargolux Airlines 
International, 2019). 


In 2010, Cargolux completed a program to equip all 
aircraft in its own aircraft fleet with the Iridium onboard 
satellite communications system. The Iridium system 
offers global coverage, including over the polar regions. As 
a result, in June 2010, Cargolux aircraft were able to 
operate on "Future Air Navigation System" (FANS) routes 
and thereby achieve significant savings in flying time 
(Cargolux International Airlines, 2011). The reduced flying 
time provided fuel savings and resulted in lower levels of 
aircraft emissions. The "Future Air Navigation System" 
(FANS) is an operational concept which relies upon 
satellite-based navigation and communication to provide 
the improvements required in communication, navigation, 
and surveillance (CNS) to efficiently handle the projected 
increase in traffic levels (Golmohammad & Mehdizadeh 
Dastjerdi, 2012). 


Dubai-based Emirates Airline optimizes fuel efficiency in 
its operations. Once airborne, the airline’s flight crew take 
advantage of opportunities to save aircraft fuel and thus 
lower emissions where practicable and supported by air 
traffic control. The airline fuel efficiency measures include 
continuous aircraft climbs and descents, and inflight 
rerouting on long-haul flights to consider more favorable 
shifting winds. Upon landing, the company’s pilots use idle 
reverse thrust (instead of full reverse thrust) and switch off 
one engine while taxiing to the apron area where it is safe 
and practicable to do so (Emirates Airline, 2021). 


A key focus for Singapore Airlines environmentally 
sustainable operations has been the adoption of several 
improved flight operation measures that not only reduce 
fuel consumption but also the associated carbon dioxide 
(CO2) emissions. These measures include the use 
“continuous descent” operations, and to minimize fuel use 
(without impacting safety). In addition, operational 
procedures that reduce fuel burn for Singapore Airlines 
Airbus A380 operations have been implemented at 
London’s Heathrow Airport. Singapore Airlines Airbus 
A380 aircraft departing from Heathrow Airport use less 
power when taking off, resulting in fuel savings and less 
carbon dioxide (COz) and nitrous oxide (NOx) emissions. 
Furthermore, Singapore Airlines optimization of flight 
operations and flight planning systems have led to more 
optimum flight route selection (Singapore Airlines, 2017, 
2018), and thus, a reduction in carbon dioxide (CO2) 
emissions. 
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4.4 The Use of Electric Powered Aircraft 


United Parcel Service (UPS), as part of its environmental 
commitment, ordered vertical takeoff and landing electric 
(eVTOL) aircraft in April 2021. The aircraft that UPS are 
acquiring are the ALIA-250c, which is manufactured by 
Beta Technologies. With a flying range of 402 kilometres 
and cargo volume of 5.66 cubic metres (635 kilograms 
capacity), these aircraft will be limited to carrying smaller 
loads. These new aircraft will replace ground transport, 
which takes longer, and small feeder aircraft, which are 
more polluting and require airports for takeoff and landing. 
UPS has placed firm orders 10 eVTOL aircraft and UPS 
have the option to increase the purchase from Beta to 150 
aircraft. These aircraft will require recharging, and UPS 
has also reserved Beta's recharging station allowing for a 
rapid recharge in under an hour, which is sufficient time 
for the aircraft to be unloaded and reloaded ready for the 
next flight (Humphries, 2021). UPS is expected to take 
delivery of the first ten aircraft in 2024 (Reichmann, 
202 1b). 


In August 2021, DHL’s air cargo subsidiary DHL Express, 
announced an order of 12 all-electric powered aircraft from 
Seattle-based manufacturer “Eviation”. These new aircraft 
will be added to the company’s fleet of powered vans and 
bikes. Once they enter service in 2024, the aircraft are 
scheduled to be operational on DHL Californian routes. 
According to DHL, the electrification of every transport 
mode plays a critical role and will significantly contribute 
to the company’s overall sustainability goal of zero 
emissions. The aircraft will be flown by a single pilot and 
will only require 30 minutes or less to charge per hour of 
flight, carrying a maximum of 1,200kg over a range of 
815km (DHL Group, 2021; Grasso Macola, 2021). DHL 
plans to operate its fleet of 12 electric planes for the 
middle-mile transportation of packages from major air 
hubs to smaller markets (Holland, 2021). 


In September 2021, SAMAD Aerospace, a green 
technology start-up company based in the United 
Kingdom, announced that it has commenced the 
certification process for its Starling Cargo aircraft. The 
electrically powered aircraft will have a cruising speed of 
95mph (152kh), a flight ceiling of 10,000 feet (3,048 
metres) and a range of up to 135 miles (217.2 kilometres). 
The electric vertical take-off and landing aircraft will 
provide operators with the flexible point to point delivery 
of air cargo up to its 50-kilogram payload. The potential 
market segments for this aircraft are the air cargo industry 
that need to transport high value cargo. These include oil 
and gas firms, gemstone mining companies, medical 
logistics and emergency response companies. In addition, 
the new aircraft can be used for delivering humanitarian 
critical cargo of urgently required food, medicine, and 
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equipment to often remote regions of the world which has 
underdeveloped or damaged local infrastructure (Holland, 
2021; Turner, 2021e). 


The substitution of jet fuel with electricity can influence 
the impact of aviation services on climate change, as 
electric powered aircraft do not produce any carbon 
dioxide (CO2) 
Importantly, however, these carbon dioxide (CO2) benefits 
need to be considered on a life-cycle basis and will only 
occur if the electrical energy is sourced from lower carbon 
sources (Shah, 2021). 


4.5 The Use of Fixed Electrical Ground Power at 
Airports 


emissions from fuel combustion. 


In addition to the carbon dioxide (CO2) emissions 
generated by aircraft, aircraft ground operation carbon 
dioxide (CO2) emissions can also be significant at airports 
(International Airport Review 2010). A variety of handling 
activities are undertaken at airports. The activities 
associated directly with the aircraft itself include the 
provision of power, cleaning, loading, or unloading of 
baggage/air cargo, lavatory services, aircraft marshalling, 
aircraft towing or pushback, and aircraft fuelling (Ashford 
et al., 2013; Kazda & Caves, 2015; Thompson, 2007). 
Consequently, electrical power is required on the airport 
apron to facilitate the aircraft turnaround process. External 
electrical power is also often used for aircraft engine start- 
up. Hence, to minimize aircraft auxiliary power unit (APU) 
usage, many airports provide aircraft electric power (and 
cooling capabilities) at the gate which are more efficient 
and cleaner than APUs powering generators and cooling 
packs (de Neufville & Odoni, 2013). An aircraft’s auxiliary 
produces harmful emissions (Baxter, 2021). Thus, airports 
can help reduce aircraft emissions at airports through the 
provision of fixed electrical ground power (FEGP) and pre- 
conditioned air (PCA) to enable aircraft auxiliary power 
unit (APU) shutdown. In addition, to satisfy more stringent 
regulations on the supply of power at aircraft stand, 
operators and manufacturers are increasingly working 
towards smarter, more efficient, and more environmentally 
friendly usage and deployment of power units (Airside 
International, 2012). The use of fixed electrical ground 
power (FEGP) stations (and the supply of preconditioned 
air supply) eliminates the requirement for airlines to use 
APU’s whilst the aircraft is at the gate (Bartsch, 2013; 
Elmer & Leigland, 2014; Yim et al. 2013). Many airports 
are now suppling electrical power from central power 
supplies that connect to the aircraft either by apron cable or 
by cable in the aerobridge structure (Ashford et al. 2013). 
Thus, the use of fixed electrical ground power (FEGP) and 
preconditioned air eliminates these harmful emissions from 
the environment (Baxter, 2021). 
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Nowadays, many air cargo carrying airlines are using fixed 
electrical ground power (FEGP) and pre-cooling) and this 
will help reduce their carbon footprint. Emirates Airline, 
for example, prioritizes the use of ground power and 
pre-conditioned air where it is available so that the 
aircraft’s auxiliary power unit does not have to be used. 
This measure helps to save fuel and reduces their 
associated airborne emissions (Emirates Airline, 2021). 
Singapore Airlines also uses mobile ground power units 
and preconditioned air units during night layovers and long 
transits to reduce the reliance on its aircraft auxiliary power 
units (APUs) (Singapore Airlines, 2017, 2019). 


4.6 The Potential Use of Hydrogen as an Aircraft 
Energy Source 


At the time of the present study, hydrogen was being 
considered for future use in energy generation within the 
aviation industry due to its cleanness and abundance of 
supply (Baroutaji et al., 2019; Xu et al., 2015). Hydrogen 
powered aircraft can provide important environmental 
benefits as this energy source can substantially reduce or 
even eliminate aircraft pollutants, thus mitigating the 
impact on the environment (Schutte et al., 2016). Because 
of its environmental benefits, hydrogen is regarded as 
being a very likely energy source for the future of aviation, 
as it is a fuel source that has the potential of zero emissions 
(Khandelwal et al., 2013). However, the implementation of 
hydrogen technology has many technical challenges to 
overcome, including the development of sustainable 
production, storage and delivery systems that shall not 
diminish the environmental benefits of this fuel source 
(Rondinelli et al. 2017). 


ASL Aviation Holdings in October 2021 announced its 
plan to purchase ten hydrogen-propulsion “conversion kits” 
for use on its ATR turboprop aircraft. Universal Energy is 
developing the hydrogen conversion kits as part of a 
broader effort to stimulate the use of hydrogen propulsion 
for aviation. ASL Aviation Holdings will be a global 
launch customer for the turboprop air cargo market and the 
company plans to purchase up to ten of Universal 
Hydrogen’s ATR 72 conversion kits for installation into its 
existing or future turboprop aircraft fleet (Brett, 2021c). 


4.7 The Use of Lightweight Aircraft Unit Load Devices 


In addition to the aircraft unit load devices (ULDs) used to 
carry passenger baggage (Airline Ground Services 2013), 
airlines also use ULDs for the carriage of air cargo and 
mail, such as containers and pallets (Lu & Chen, 2012). 
Aircraft unit load devices (ULDs) are pallets and 
containers which are used to carry air cargo, mail and 
passengers’ baggage on wide-body passenger and 
dedicated freighter aircraft (Baxter et al., 2014; Lu & Chen, 
2011). Combination airlines who operate freighter aircraft, 
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for example, Cathay Pacific Airways and Qatar Airways, 
dedicated all-cargo airlines, and the integrators, also use 
specially designed containers to fit the main deck of their 
freighter aircraft (Coyle et al. 2011; Morrell & Klein, 
2018). In recent years airlines from all around the world 
have been seeking ways to become more fuel efficient so 
they can minimize their operational costs whilst at the 
same time mitigating their impact on the environment. One 
feasible way of achieving these objectives and minimizing 
weight without compromising the business volume is using 
light weight aircraft unit load devices (ULDs) (Laniel et al. 
2011). Thus, the increasing use of lightweight aircraft unit 
load devices (ULDs) is being driven by airline 
requirements to save on fuel costs and reduce the carbon 
dioxide (CO2) impact within the industry (Airline Ground 
Services, 2013). 


In 2012, Etihad Airways, together with its Unit Load 
Device (ULD) partner Jettainer, embarked on a program to 
replace 3,000 aircraft containers from the airline’s original 
aluminium ULD fleet with more environmentally friendly 
lightweight versions. The airline estimated that the use of 
the new lightweight aircraft containers would reduce 
annual carbon dioxide (CO2) emissions by approximately 
5,000 tons per year (Times Aerospace, 2012). In August 
2012, Airberlin began modernizing its aircraft container 
fleet with lightweight aircraft containers. These containers 
are used to transport air cargo consignments and 
passengers’ baggage. The use of the lightweight containers 
has reduced the actual flight weight by 200 kilograms, 
saving about 30,000 litres of fuel per year per aircraft. This 
enabled the airline to reduce its annual carbon dioxide 
(CO2) emissions by 1,100 tonnes (Aviation Pros, 2012). 


In 2013, FedEx finished retrofitting or replacing 
approximately 23,000 older-model aircraft ULDs, with 
more efficient lightweight containers. The use of new 
lightweight containers enabled FedEx to reduce its annual 
carbon dioxide (CO2) emissions by around 35,289.4 tonnes 
per year (Lee, 2013). Swiss WorldCargo began replacing 
some of its unit load devices (ULDs) with state-of-the-art, 
lightweight containers during 2013. The airline’s entire 
XKN container fleet, which are used for the transportation 
of valuables on long-haul routes, was replaced with AVA 
containers provided by outsourced ULD management 
company Jettainer. The new AVA containers are 
constructed of carbon fibre as well as partly recycled 
composite materials. These containers are around 40 
kilograms lighter than the XKN containers previously used 
by the airline. This significant weight reduction resulted in 
an improved payload, increased fuel efficiency, as well as 
the reduction in the airline’s annual carbon dioxide (CO2) 
emissions (Air Cargo News, 2013b). Etihad Airways and 
Jettainer partnered together in 2013 to launch a new 
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lightweight and double-width unit load device (ULD), 
known as the type ALF container. The new ALF container 
is almost 34 per cent lighter at 130 kilos, a saving of 66 
kilos per unit, and offers a potential weight saving of 116 
kilos per flight. Etihad predicted that the use of these new 
containers would offer an annual reduction in carbon 
dioxide emissions of 4,000 tonnes (Air Cargo News, 
2013a). 


On February 11, 2014, Nordisk Aviation Products 
completed the delivery of more than 4,300 light weight air 
cargo containers to Singapore Airlines. These new light 
weight containers helped the airline to save a minimum 
77,600 kilograms on its ULD fleet (Nordisk Aviation 
Products, 2014). In May 2014, Japan Airlines acquired 480 
new light-weight cargo containers for use on its 
international network. An important benefit for the airline 
was that the weight of new light weight containers was 
40% lower, and this helped to reduce fuel consumption and 
the associated emissions (Japan Airlines, 2014). Since 
2014, Finnair Cargo has acquired lighter-weight cargo 
pallets and the weight savings have delivered an 
environmental benefit to the airline (Salmi, 2019). 


In 2015, Cargolux Airlines International became the first 
airline to carry cargo handling systems manufacturer Telair 
International’s CAEROe ® advanced lightweight unit load 
devices (ULDs). The all-cargo airline began using 
CAEROe ®’s cookie sheet pallets, heavy gross weight 
pallets and fuel-saving containers on its fleet of Boeing 
B747 freighter aircraft. The pallets are up to 40 per cent 
lighter than standard aluminum ULDs. The use of the new 
light weight pallets and containers enabled Cargolux to 
reduce aircraft fuel burn and its annual carbon footprint 
(Air Cargo News, 2015a). Jettainer, a aircraft ULD leasing 
company, began the development of a new lightweight 
aircraft pallet in 2015. The new pallet weighs 70 kg, which 
is approximately 32 kg lighter than a traditional PMC 
aluminium unit. The new pallet is made of a composite 
material that was applied for the first time in the aviation 
sector. The new pallet offered airlines with an alternative to 
using thinner aluminium bases to reduce aircraft weight 
(Air Cargo News, 2015g), and thus, aircraft fuel burn. In 
2015, Lufthansa Cargo reduced its fuel consumption by 
2,000 tonnes per year and reduced carbon dioxide (CO2) 
emissions by 7,000 tonnes from the use of light weight 
containers, that were made from lighter composite 
materials These new containers have a 14 kg weight saving 
over conventional AKE containers (Air Cargo News, 
2015e). Portuguese flag carrier TAP Portugal began 
replacing its fleet of 3,500 Unit Load Devices with 
lightweight units as part of an outsourcing deal with CHEP 
Aerospace Solutions in 2015. As well as reducing aircraft 
fuel consumption, the significant reduction in container 
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weight was anticipated to reduce TAP’s carbon emissions 
by 11 000 tonnes over the four-year contract term (Air 
Cargo News, 2015d). On October 8, 2015, United Cargo 
announced a plan to purchase 8,500 Herculight S 
containers that were developed by Zodiac Aerospace, 
which will completely replace its current fleet of AKE 
baggage and cargo containers. United Airlines became the 
launch customer for the Herculight S, which weighs less 
than 55 kg, a reduction of 36 kg on the traditional AKE 
container. The switch to lighter containers was expected to 
reduce the airline’s fuel consumption by two million 
gallons a year when completed, thus cutting the airline’s 
annual carbon dioxide (CO2) emissions by more than 
19,400 tonnes (Air Cargo News, 2015f). As part of its goal 
to reduce its annual carbon footprint, Air France-KLM Air 
France-KLM have introduced new lightweight aluminum 
pallets that are 17kg lighter than standard pallets used by 
the two airlines. The new 83kg pallets gradually replaced 
all the current standard stock — each weighing 100kg — in 
the airline’s fleet (Air Cargo News, 2015b). CHEP 
Aerospace Solutions signed a five-year agreement in 2015 
to supply and manage Hong Kong-based Cathay Pacific 
Airways unit load device (ULD) fleet and pallet 
accessories. As part of this agreement CHEP Aerospace 
Solutions acquired Cathay Pacific’s fleet of 25,000 ULDs, 
converting the majority to these to modern light weight 
composite units weighing 58 kg (Air Cargo News, 2015c). 


In 2016, Fiji-based Fiji Airways signed a contract with 
CHEP Aerospace Solutions whereby CHEP introduced 
new lightweight containers from its 80,000 pool of assets 
to support Fiji Airways in reducing fuel costs and lowering 
the airline’s carbon dioxide (CO2) emissions. This initiative 
helped towards Fiji Airways sustainability targets (Air 
Cargo News, 2016b). Oslo-headquartered low-cost carrier 
(LCC) Norwegian Air Shuttle introduced new, lighter, and 
stronger baggage and cargo containers for use onboard its 
Boeing 787 ‘Dreamliner’ aircraft in 2016. These new 
lighter weight containers were acquired to help improve the 
airline’s fuel efficiency (Air Cargo News, 2016c). 
Scandinavian Airline (SAS) extended its contract with 
ULD service provider CHEP Aerospace Solutions in 2016, 
and as part of this contract, SAS began using CHEP’s 
lightweight 65kg containers. These containers were over 
20% lighter than the airline’s existing units and as a result 
SAS saved over 13,000 tonnes of carbon dioxide (CO2) 
over the five-year term of the new contractual agreement 
(Air Cargo News, 2016d). Also, in 2015, Jettainer replaced 
Italy-based Alitalia’s entire fleet of 650 AKE containers, 
that were used for carrying belly hold freight and luggage 
on passenger aircraft, with the state-of-the-art, lightweight 
containers, as part of the contract between the two 
companies. The new replacement ULDs reduce each of the 
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existing Alitalia containers’ weight by 20 per cent — from 
82 kilograms to a maximum of 66 kilograms. The weight 
reduction resulted in a significant reduction in fuel 
consumption and in turn lower carbon dioxide (CO2) 
emissions (Air Cargo News, 2016a). 


In 2017, Brussels Airlines converted its entire baggage and 
air cargo container fleet to new lightweight composite 
containers. This was done in partnership with CHEP 
Aerospace Solutions. The move by the airline to use 
lightweight containers was driven by the requirement to 
save on fuel costs and to reduce its carbon dioxide (CO2) 
emissions (Airline Routes and Ground Services, 2018). 


In 2019, aircraft ULD leasing firm Jettainer teamed up with 
Trilatec to offer a new lightweight pallet load distribution 
system that weighs approximately 80% less than traditional 
system. The trilatec squAIR-timber system, which is made 
of cardboard fibre, aims to replace the wooden planks that 
are frequently used for load distribution on airfreight 
pallets. The weight saving of approximately 80% leads to 
substantial reductions in fuel consumption and helps to 
reduce carbon dioxide (CO2) emissions (Brett, 2019). 


Virgin Atlantic Airways has acquired a fleet of light weight 
aircraft unit load devices (ULDs), which have enabled the 
airline to lower its carbon dioxide (CO2) emissions by 
around 2,000 tonnes per year (Putzger, 2015). 


In sum, the trend by airlines towards the use of new 
lightweight aircraft unit load devices (ULDs) has been 
underpinned by their objective to reduce aircraft fuel burn 
and the associated carbon dioxide (CO2) emissions. 


4.8 The Use of Sustainable Aviation Fuels as an 
Industry Decarbonization Related Measure 


The use of sustainable aviation fuels (SAF) has been 
identified as one of the key elements in helping the world’s 
airlines to achieve their goal of decarbonizing their 
operations. At the time of the present study, more than 45 
airlines had trialed the use of sustainable aviation fuel. 
Since 2016, more than 370,000 flights have been operated 
with sustainable aviation fuel (International Air Transport 
Association, 2021a). The first step towards a carbon-free 
future for the air cargo industry is carbon-neutral growth, 
which implies that there should be no increase in carbon 
dioxide (CO2) emissions despite the growth in air cargo 
traffic. Hence, making investments in sustainable aviation 
fuel (SAF) is viewed as a necessary step in this process and 
one of the primary instruments in reducing the industry’s 
carbon dioxide (CO2) emissions (Turner, 2021f). 
Considering the key role that sustainable aviation fuels will 
play in decarbonizing air cargo transportation, air cargo 
carrying airlines have developed sustainable aviation 
(SAF) programs, which are being offered to air freight 
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forwarders, logistics service providers, and air cargo 
shippers. 


Air France, KLM, and Martinair Cargo launched the 
world’s first sustainable aviation fuel (SAF) program for 
the air cargo industry in December 2020. In June 2011, 
KLM operated the world’s first commercial flight using 
sustainable aviation fuel (SAF), from Amsterdam Airport 
Schiphol to Paris Charles de Gaulle. A key objective of this 
program is to enable both shippers and air freight 
forwarders to stimulate and enlarge the market for 
sustainable aviation fuels (SAF) (Brett, 2020; Rimoczi, 
2020; Turner, 2020). The sustainable aviation fuel program 
offered by Air France KLM Martinair Cargo (AFKLMP 
Cargo) enables shippers and air freight forwarders to select 
how much of their air cargo consignments will be flown on 
flights powered by sustainable aviation fuel (Air Cargo 
News, 2021c), which as noted earlier is a cleaner substitute 
for conventional jet fuel, thus reducing carbon dioxide 
(CO2) emissions by up to 85% (Turner, 2021c). Bolloré 
Logistics joined the Sustainable Aviation Fuel (SAF) 
program offered by Air France KLM Martinair Cargo 
(AFKLMP Cargo) in January 2021. The agreement 
covered its shipments between Paris Charles de Gaulle and 
New York John F. Kennedy airports. It was anticipated that 
this agreement would reduce carbon dioxide emissions by 
50% on this trade lane (Finn, 2021; Global Cargo Insight, 
2021). Global transport and logistics services provider, 
Kuehne+Nagel partnered with Air France KLM Cargo in 
January 2021 to launch the first carbon neutral air freight 
lane between North America and Europe. In accordance 
with the agreement, 100% sustainable aviation fuel (SAF) 
will be used on Kuehne+Nagel cargo shipments carried on 
board Air France-KLM flights from Los Angeles to 
Amsterdam (Grover, 2021). On April 21, 2021, Koppert 
Biological Systems and Air France KLM Martinair Cargo 
(AFKLMP Cargo) entered into a partnership agreement 
covering the use of sustainable aviation fuel (SAF) on 
selected international cargo flights that transport Koppert's 
agricultural and horticultural products for biological pest 
control (Air Cargo Week, 2021; Koppert Biological 
Systems, 2021). In May 2021, Marinetrans (MT) joined the 
Sustainable Aviation Fuel (SAF) program of Air France 
KLM Martinair Cargo (AFKLMP Cargo) for its 2021 
marine logistics shipments (Marinetrans, 2021). Best 
Global Logistics (BGL) and Dutch air freight forwarder 
Fast Forward Freight (FFF) also joined the program in May 
2021 (Brett, 2021h). In June 2021, Airpharm Logistics 
SAU became the first Spanish-based air freight forwarder 
to join the Air France KLM Martinair Cargo (AFKLMP) 
Sustainable Aviation Fuel (SAF) program (Biofuels 
International, 2021a). Also, in June 2021, the Middle East 
South Asia (MESA) operation of Hellmann Worldwide 
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become the first freight forwarder and logistics service 
provider in the region to join the Air France KLM 
Martinair Cargo (AFKLMP Cargo) Sustainable Aviation 
Fuel (SAF) program (Graham, 2021a; Times Aerospace, 
2021). In July 2021, freight forwarders and logistics 
providers AWOT Global Express, CTS 
International Logistics Corporation, Job-Mate 
International, Sinotrans e-Commerce Logistics and Xiamen 


service 


Supertrans joined the Sustainable Aviation Fuel Program 
(SAF Program) offered by Air France KLM Martinair 
Cargo (AFKLMP Cargo). The use of sustainable aviation 
fuels enabled greener air cargo services on routes 
connecting China with Europe and South America (Harry 
2021a; Saunders, 2021a; Turner, 2021d). In September 
2021, Total Touch Cargo Holland BV (TTC) and Air 
France KLM Martinair Cargo (AFKLMP Cargo) ratified a 
partnership agreement as part of the airline’s sustainable 
aviation fuel (SAF) program. Under the deal, AFKLMP 
Cargo will use sustainable aviation fuel (SAF) on selected 
cargo flights from Nairobi, Kenya, to Amsterdam Airport 
Schiphol. These flights carry TTC’s fresh agricultural and 
horticultural products (Biofuels International, 2021b; 
Saunders, 2021b). Airflo and Tiger Freight joined the Air 
France, KLM and Martinair sustainable aviation fuel (SAF) 
program in November 2021. The sustainable aviation fuel 
(SAF) partnership agreement will make it possible to use 
sustainable aviation fuel on AFKLMP Cargo flights from 
Kenya and Zimbabwe carrying Airflo’s and Tiger Freight’s 
fresh agricultural and horticultural products. Thus, Airflo 
and Tiger Freight will be able to reduce the carbon dioxide 
(CO2) emissions that they produce on their flowers and 
perishables air cargo consignments (Keen, 2021; Turner, 
202 1a). 


All Nippon Airways (ANA) launched its "SAF Flight 
Initiative" on 24 October 2021. The aim of the program is 
to reduce carbon dioxide (CO2) emissions. The new 
program was designed to promote Sustainable Aviation 
Fuel (SAF) through the collaboration with leading 
companies in this area. The program was the airline’s latest 
effort to decrease its carbon footprint and adhere to the 
guidelines established by the United Nations Sustainable 
Development Goals (SDGs) as well as meet ANA Group's 
environmental commitments. Nippon Express Co., Ltd., 
Kintetsu World Express, Inc. and Yusen Logistics Co., Ltd. 
also announced that they would participate in the SAF 
Flight Initiative. ANA conducted a SAF-powered cargo 
flight in conjunction with these three major logistics and 
cargo companies on September 29. This was the first flight 
by a Japanese airline to conduct a joint operation using 
sustainable aviation fuel (SAF) (All Nippon Airways, 
2021; Turner, 2021b). 
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Bolloré Logistics introduced a sustainable aviation fuel 
(SAF) program in July 2021. With this program, customers 
can reduce their carbon dioxide (CO2) emissions by 80% 
(Brett, 2021d). 


Cargolux Airlines International, one of the world’s major 
dedicated all-cargo airlines, announced the launch of its 
sustainable aviation fuel (SAF) program on 25 October 
2021. The introduction of the airline’s sustainable aviation 
fuel (SAF) program is a key part of the airlines plan to 
decarbonizing its operations. The airline aims to be carbon 
neutral by 2050 (Cargolux Airlines International, 2021). 
The new program is designed to reduce the airline’s carbon 
dioxide (CO2) emissions and will help underpin its 
customer sustainability program, that will offer more 
customer transportation 


sustainable options for 


requirements (Saunders, 2021c). 


CEVA Logistics became a member of United Airlines 
sustainability initiative, the “Eco-Skies Alliance” in April 
2021. CEVA Logistics together with the other “Eco-Skies 
Alliance” companies are working with United Airlines to 
collectively purchase approximately 3.4 million gallons of 
sustainable aviation fuel (SAF) during 2021 (Harry 2021c). 


DHL Express, one of the world’s major integrated carriers, 
signed an agreement with energy firm Shell Aviation 
during December 2020 that will see it being supplied with 
sustainable aviation fuel (SAF) to power DHL Express 
flights from Amsterdam Schiphol Airport. This agreement 
formed part of DHL Express goal to achieve net zero 
emissions by 2050 (Harry, 2020b). 


DHL Global Forwarding, the world’s largest air freight 
forwarder, joined United Airlines sustainable aviation fuel 
(SAF) program in May 2021. As part of United Airlines 
“Eco-Skies Alliance program”, DHL Global Forwarding 
will contribute towards the purchase of 3.4 million gallons 
of sustainable aviation fuel (SAF) during 2021. The 
reductions in DHL Global Forwarding carbon footprint are 
subsequently allocated by DHL to its customers (Brett, 
2021e). 


Logistics service provider Geodis began to offer its 
customers more sustainable transportation options for their 
air cargo shipments in September 2021. The company’s 
customers can ship their air cargo consignments on flights 
that are partially powered by sustainable aviation fuels 
(SAF), thus enabling them to reduce their carbon footprint 
(Air Cargo News, 2021b; Harry, 2021d). 


IAG Cargo partnered with Kuehne+Nagel (K+N) in June 
2021 to complete its first net zero charter chain. This 
comprised 16 charter flights, that used sustainable aviation 
fuel (SAF). The charters operated between Stuttgart and 
Atlanta and were the first time that passenger-freighter 
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flights were operated with net-zero carbon emissions 
(Harry, 2021e). 


Kuehne+Nagel entered into an agreement with American 
Airlines in March 2021 to use 11 million litres of 
sustainable aviation fuel (SAF) for the transportation of its 
air cargo consignments. The agreement is part of K+N’s 
“Net Zero Carbon program”. Under the terms of the 
agreement, American Airlines will allocate a portion of the 
carbon reduction benefit generated through its use of 
sustainable aviation fuel (SAF) to Kuehne+Nagel (Harry, 
2021f). Kuehne+Nagel and Lufthansa Cargo agreed on a 
partnership agreement in October 2021 for the promotion 
and use of power-to-liquid (PTL) synthetic sustainable 
aviation fuel (SAF). The two companies will purchase 
25,000 litres of the fuel per year from what will become the 
world’s first production site for synthetic crude oil in 
Werlte/Emsland in Germany (Brett, 2021f). Prior to this 
partnership agreement, Kuehne+Nagel and Lufthansa 
Cargo have used bio-based sustainable aviation fuels 
(SAF) to reduce the carbon footprint of air cargo 
consignments tendered for carriage by Lufthansa Cargo 
(Brett, 2021c). Kuehne+Nagel (K+N) began offering its 
customers with the option to purchase sustainable aviation 
fuel (SAF) for shipments so that customers can reduce the 
environmental impact of supply chains (Brett, 2021g). 
With the newly launched offering, all Kuehne+Nagel 
customers can easily request the use of sustainable aviation 
fuel (SAF) to be used instead of fossil fuel for air transport, 
and thus, they benefit from net zero carbon emissions air 
freight services. Sustainable aviation fuels (SAF) still 
produce some carbon dioxide (CO2) emissions, thus under 
this program carbon neutrality is achieved by substituting 
each litre of jet fuel kerosene used with 1.33 litres of 
sustainable aviation fuel (SAF) (Turner, 2021c). 


Lufthansa Cargo and DB Schenker teamed together on 
November 29, 2020, to operate the first ever carbon 
dioxide (COz)-neutral freighter flights, powered by 
sustainable aviation fuel (SAF). The flight operated from 
Frankfurt to Shanghai utilizing a Lufthansa Cargo Boeing 
777 freighter aircraft (Harry, 2020a). In April 2021, DB 
Schenker and Lufthansa Cargo partnered together to launch 
a regular carbon dioxide (CO2)-neutral freighter route, 
operating between Frankfurt and Shanghai (Air Cargo 
News, 2021a; Harry, 2021b). The use of sustainable 
aviation fuel has reduced conventional kerosene usage of 
174 tonnes per week on this route (Harry, 2021b). In 
October 2021, Nokia Telecommunications joined the 
Lufthansa Cargo and DB Schenker sustainable aviation 
fuel (SAF) global 
telecommunication provider will avoid 
greenhouse gas (GHG) emissions by using the world’s only 
freighter flight that is 100 percent powered by sustainable 


initiative. Each week, the 
network 
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aviation fuel (SAF) (DB Schenker, 2021). In 2021, 
Lufthansa Cargo began to offer all its customers the option 
of carbon dioxide (CO2) neutral transportation on segments 
that are operated by freighter aircraft. Lufthansa Cargo will 
achieve the carbon dioxide (CO2) neutrality by using 
sustainable aviation fuel (SAF) or as noted earlier, through 
certified carbon offsetting projects which will avoid or 
compensate for the emissions generated during air cargo 
transportation (Brett, 2021g). 


In September 2021, the United States government 
announced its goal of replacing all jet fuel with sustainable 
alternatives by 2050. The government’s plan is to 
substantially boost the production of fuels made from 
waste or plants to reduce the environmental cost of aircraft 
emissions. The government’s new goal targets the annual 
production of 3 billion gallons of sustainable fuels by 2030. 
This will provide a 20% reduction in aircraft carbon 
dioxide (CO2) emissions. United States-based airlines have 
set a target of producing 2 billion gallons of alternative 
fuels by 2030 (Fried, 2021). 


4.9 The Use of Renewable Energy Sources for Ground 
Based Buildings and Facilities 


Airlines are extremely energy intensive. This is because 
airlines use very large amounts of power and heating and 
cooling for their buildings and facilities (Baxter et al., 
2021a). The traditional power source used by airlines is 
electricity, which is typically sourced from the local grid. 
Air cargo carrying airlines could consider, where climatic 
conditions permit, the use of “green” or renewable energy 
sources. Renewable energy sources reduce air pollution 
and cut down carbon dioxide (CO2) emissions (Spellman, 
2015; United Nations, 2018; United States Energy 
Information Administration, 2021). Furthermore, the use of 
solar power helps a firm to mitigate its greenhouse gases 
(GHGs) and achieve it sustainability objectives (Sreeneth 
et al., 2021). The use of green or renewable energy sources 
provides a firm or user with an important opportunity to 
optimize their energy efficiency (Arman et al., 2013). A 
further advantage is that renewable energy sources 
generally have very little waste (Yerel Kandemir & Yayli, 
2016). 


FedEx Express, the world’s largest air cargo carrying 
airline, has adopted the use of renewable energy as part of 
its environmental policy. On October 18, 2004, FedEx 
announced the plan to build a 904-kilowatt solar array that 
would provide about 80% of the peak load demand for 
FedEx Express’ Oakland facility (Brown & Jackson, 2004). 
In August 2005, FedEx solar-electric system at its regional 
hub in Oakland, California became operational. The system 
can generate around 1 million kilowatt hours (KWh) of 
clean energy each year. The system can provide 20 percent 
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of the airline’s cargo facility’s total electricity needs and 
meet 80 percent of its peak load demand. On October 20, 
2008, FedEx commenced work on the installation of a 1.4- 
megawatt solar power system that would generate 1.3 
gigawatt hours of electricity per year at its Cologne Hub in 
Germany (Jackson, 2008). On October 27, 2010, the 
photovoltaic (PV) solar system became operational, and the 
system can produce around 800,000 kWh per year (FedEx, 
2010). FedEx announced plans to install its largest rooftop 
solar-electric system at its distribution hub in Newark, New 
Jersey on October 17, 2002. Upon completion, the system 
had the capacity to generate approximately 2.4 million 
kilowatt hours (kWh) and would provide over 15 percent 
of the hub’s energy needs. In addition, the new 
photovoltaic (PV) enabled FedEx to reduce its carbon 
dioxide (CO2) by around 1,807 tonnes per annum (FedEx, 
2012). FedEx Freight has also completed installed solar 
electric systems at its California facilities in Whitter and 
Fontana. In Geneva, Switzerland, a FedEx cargo facility 
uses a system of pipes running deep into the ground to 
warm the building’s air in winter and cool it in the summer. 
The system reduces the cargo terminal’s reliance on gas for 
heating or freon for cooling, and thus, requires less energy 
to operate (Jackson, 2008). 


Finnair’s photovoltaic (PV) solar system, that had been 
installed on the Finnair’s Cool Cargo terminal at Helsinki’s 
Vantaa Airport, came online in 2018 generating electricity 
for the airline’s air cargo terminal. During 2018, the solar 
panels produced 287 MWh of electricity (Finnair, 2019). In 
2019, the system produced 297 MWh of power for the 
terminal’s own use. This represented 8.7% of the total 
energy consumption of the air cargo terminal building 
(Finnair, 2020). 


Singapore Airlines, a major air cargo carrying airline, has 
adopted the use of renewable energy. As part of this 
strategy, Singapore Airlines has entered a partnership with 
SembCorp Solar to install rooftop solar panels on three of 
its Singapore-based buildings: Airline House, SIA Training 
Centre and TechSQ. It was envisaged that the solar panels 
would come online in the second quarter of FY2020/21, 
and they would generate a projected 5,382 MWh of 
renewable energy annually, which is able to support up to 
18 per cent of the company’s buildings’ electricity demand 
(Singapore Airlines, 2020). The installation of the solar 
panels on all its office buildings in Singapore was 
completed in the 2020/21 financial year. As well as 
delivering considerable energy savings, the new system has 
reduced the airline’s carbon dioxide (CO2) emissions by 
4.3 million tonnes a year (Singapore Airlines, 2021). 
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4.10 The Use of Sustainable Waste Management 
Principles 


In providing air transport services, airlines generate a 
substantial amount of comingle waste (Blanca-Alcubilla et 
al., 2019). Solid waste management and the disposal of 
wastes has therefore become one of the most significant 
issues in the environmental management of the world 
airline industry (Li et al., 2003). Accordingly, airlines are 
making substantial efforts to improve their waste 
management and reduce waste generation wherever 
possible (Blanca-Alcubilla et al., 2019). In providing air 
cargo services, airlines generate various types of waste 
which includes tyres, fluids from equipment, universal 
wastes (light bulbs, electronics, and batteries), wood and 
wooden pallets as well as plastic packing material. In 
addition to the general and food waste generated from 
offices, other significant sources of waste are plastic 
packing material and wood and wooden pallets (United 
States Federal Aviation Administration, 2013). 


Waste avoidance refers to the measures that need to be 
implemented prior to a substance becoming waste 
(International Civil Aviation Organization, 2021). In an 
ideal situation, waste would be avoided. This means that in 
the waste management hierarchy, reducing or preventing 
waste should be the primary objective of the firm. A firm 
can reduce its wastes by implementing two key strategies. 
The first strategy involves the firm reducing the volume of 
waste generated and disposed to landfill. In following this 
strategy, the firm reduces the impact of wastes on the 
environment, it reduces the emissions generated from the 
wastes disposed in landfills and offers the firm energy and 
natural resources savings (Zhu et al., 2008). The second 
strategy involves the firm adopting an effective system to 
manage all unavoidable waste (Baxter et al., 2018). 


There are four principal waste disposal methods available 
to airlines: composting, recycling, incineration (including 
waste to energy), or disposal of wastes to landfill (Baxter et 
al., 2021b). Composting waste is a process in which the 
organic portion of solid waste is converted into a humus- 
like product. The final product, which is inert in nature, can 
be utilized as a soil conditioner or used for landfill cover 
(Harper, 2004, p. 3). There are two key environmental 
related advantages associated with the composting of 
rubbish. First, there are lower levels of environmental 
pollution from the composting of wastes. Secondly, there is 
the beneficial use of the end products (Taiwo, 2011). 


The incineration of solid waste has two particularly useful 
purposes in a waste management system. Primarily, it 
reduces the volume of waste to be disposed of by sanitary 
landfill (Rand et al., 2000). Secondly, incineration can also 
be used as a means of generating energy (Awasthi et al., 


279 


Glenn Baxter 


2019; Hettiarachchi & Kshourad, 2019). Energy recovery 
reduces the volume of waste that is disposed by landfill and 
produces useable energy, in terms of heat, electricity or 
fuel, through a variety of processes. These processes 
include combustion, gasification, pyrolysis, and anaerobic 
digestion (Rahman et al., 2017). 


When recycling waste, the waste fraction is utilized again 
to produce consumer goods or other products. Recycling of 
wastes may also include the conversion of waste into 
energy through thermal treatment (processing). Disposal in 
landfill sites is regarded as the least desirable waste 
disposal option (Manahan, 2011; Pitt & Smith, 2003). 
Waste that is disposed of through landfilling and open 
dumping, is regarded as being environmentally unsafe due 
to emission of greenhouse gases (GHGs) (Ahmed et al., 
2020; Trabold & Nair, 2019). 


Air cargo carrying airlines could also adopt the circular 
economy waste management approach. The circular 
economy is an economic system that is based upon 
business models that replace the “end-of-life” concept with 
reducing or alternatively reusing, recycling, and recovering 
materials during the product/distribution and consumption 
processes of a firm (Ginga et al., 2020). The circular 
economy extends beyond recycling and is based upon a 
restorative industrial system that focuses on the treatment 
of waste as a resource (Ghosh, 2020). The circular 
economy is comprised of three primary activities: the 
reduction in the use of virgin raw materials, the re-use of 
already processed materials, and the recycling of waste. In 
some instances, there is a fourth circular economy activity, 
that of the redesign of products (Burneo et al., 2020; 
Kyriakopoulos et al., 2019). For a firm to achieve the 
benefits of a circular economy approach, the following 
steps need to be undertaken reuse, recycling, recovery, and 
waste prevention (Kyriakopoulos et al., 2019). A circular 
economy waste management approach respects the firm’s 
environmental boundaries through an increase in the share 
of renewable or recyclable resources whilst at the same 
reducing the consumption of raw materials and energy. 
With this approach, emissions and loss of resources are 
thereby reduced (European Environment Agency, 2016). 


Finnair, LATAM Airlines, and Singapore Airlines are 
examples of airlines that have adopted the circular 
economy approach to waste management. 


4.11 Washing of Aircraft Engines 


A further decarbonization measure available to air cargo 
carrying airlines is the washing the engines of their aircraft 
fleet. All aircraft engines become soiled during normal 
operations by airborne contaminants such as sand, dust, 
soot, salt, insects, and pollution. These contaminants can 
result in aircraft engines not operating efficiently, and, as a 
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result, can lead to overall deterioration in engine health. 
Because of this an engine burns more fuel and operates at 
higher temperatures which can result in premature engine 
maintenance. Importantly, every kilogram of fuel saved by 
an airline result in the elimination of 3.15 kilograms of 
carbon dioxide (CO2) emissions (Air Transport Action 
Group, 2021b). 


Singapore Airlines, for example, have introduced an 
aircraft fleet-wide engine washing program, which has 
delivered an annual saving in fuel savings of 10,400 tonnes 
of fuel savings annum (Singapore Airlines, 2017). In 
addition to the greater fuel efficiency, this initiative has 
resulted in lower annual carbon dioxide (CO2) emissions of 
around 32,670 tonnes. 


4.12 Sustainable Air Freight Alliance 


Delta Cargo joined the Sustainable Air Freight Alliance 
(SAFA) in September 2020. The Sustainable Air Freight 
Alliance (SAFA) is a business-led collaborative initiative 
whose goal is to reduce its members’ environmental 
footprint. SAFA is a collaboration between shippers, 
freight forwarders, and airlines to track and reduce 
emissions from air cargo transportation. The organization 
promotes responsible freight transport (Air Cargo News, 
2020; Brown, 2020; Finn, 2020). SEKO Logistics joined 
the Sustainable Air Freight Alliance (SAFA) in March 
2021 (Brett, 2021b; Seko Logistics, 2021). The 
membership of this organization was part of Seko Logistics 
goal to accelerate its global decarbonization program and 
help the company’s clients to achieve their own 
sustainability goals. AirBridgeCargo Airlines, American 
Airlines, Cargolux, Cathay Pacific, Delta Air Lines, LOT 
Polish Airlines, Lufthansa Cargo, Polar Air Cargo, 
Scandinavian Airlines (SAS), and United Airlines are 
members the Sustainable Air Freight Alliance (SAFA) 
(Seko Logistics, 2021). Ceva Logistics, a global logistics 
service provider, is also a member of the Sustainable Air 
Freight Alliance (SAFA) (Ceva Logistics, 2021). Unique 
Logistics International has also joined the Sustainable Air 
Freight Alliance (Unique Logistics International, 2021). 


V. CONCLUSION 


Based on an in-depth qualitative instrumental case study 
research design, this study has examined the strategies and 
measures being adopted by the world’s air cargo carrying 
airlines to decarbonize their operations, and thus, mitigate 
their impact on the environment. The study also examined 
the potential strategies and measures that the key industry 
stakeholders are considering as part of their 
decarbonization goals. The study covered the period 2004 
to 2021. The case study documentation was examined by 
document analysis. 
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The case study found that the world’s air cargo carrying 
airlines are very cognizant of their environmental impact 
and, as a result, air cargo carrying airlines have defined and 
implemented an extensive range of measures and strategies 
to decarbonize their operations. These measures include the 
acquisition and deployment 
generation aircraft, such as the Airbus A350, Boeing 787 
passenger aircraft and the Boeing B747-8 freighter aircraft, 


of fuel-efficient next 


aircraft related carbon dioxide (CO2) emissions offset 
programs, the use of fixed electrical ground power (FEGP) 
and pre-conditioned air at airports, the use of lightweight 
aircraft unit load devices (ULDs), use of sustainable 
aviation fuels, the use of renewable energy sources for 
ground based buildings and facilities, the electrification of 
air cargo carrying airlines ground service equipment 
(GSE), the optimization of air traffic management 
procedures, and the washing of aircraft engines. A further 
decarbonization strategy has been the membership of key 
industry bodies, such as, the Sustainable Air Freight 
Alliance. A key strategy adopted by the world’s air cargo 
carrying airlines has been the use of sustainable aviation 
fuels (SAF). Sustainable aviation fuels (SAF) provide a 
very significant opportunity for the decarbonization of 
aircraft operations as these fuels can reduce carbon dioxide 
(CO2) emissions by up to 80% over its full lifecycle. 


The case study also revealed that several key air cargo 
industry actors are planning in the future to use electric 
powered aircraft. The potential use of hydrogen as an 
aircraft energy source is also being considered. 


A byproduct of air cargo transportation is the significant 
production of wastes. To mitigate the environmental 
impact of these wastes, air cargo carrying airlines could 
consider adopting the circular economy waste management 
approach. 
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